/-~JgT. /^ew A method for producing biologically active 

-G*^*rjtfftfe> ftl&n^*^cLv> 

hCG comprising culturing host^ cells comprising a first 





expression vector encoding the alpha subunit of said hCG and a 



second expression vector encoding the beta subunit of said 



interview granted the undersigned and Drs. Erickson and 
Bernstine by Examiner Giesser on October 18, 1985. At the 
interview the undersigned submitted a proposed amendment and 
some other materials, including copies of a patent application 
in the name of Hamer et al. and a paper by Ochi et al. For 
convenience, all of those materials, with the exception of the 
Hamer et al. and Ochi et al. documents, are submitted again 
herewith (the amendment is slightly different from that 
presented at the interview, t and the Skoultchi declaration is 
signed), along with several additional documents. Thus there 
are submitted herewith the following: 1) a declaration by the 
inventors averring that the requisite deposit requirements are 
met; 2) a signed copy of the Skoultchi declaration; 3) a 
declaration by one of the inventors, Nancy Hsiung, under 37 CFR 
§1.131, evidencing the fact that the invention was made prior 
to the publication of Ochi et al.; 4) a clipping from The 



hCG . ^ 




Applicants wish to express their appreciation for the 



I A R K S 



BEST MAILABLE COPY 




Boston Globe; 5) a series of diagrams showing the action of 
dimeric hormones; and 6) an article in Science. 

As was discussed during the interview, human fertility 
hormones (hCG, FSH, and LH) are used to induce ovulation in 
women who have trouble becoming pregnant. One composition used 
for this purpose, known by the name Pergonal, is obtained from 
post-menopausal women and contains a poorly defined mixture of 
FSH and LH. Because there is no precise control over the 
therapeutic formulations currently used, the results are not 
predictable. The Frustaci septuplets are one example of this; 
the first time Mrs. Frustaci used Pergonal, she became pregnant 
with one fetus, and the second time she produced seven (this 
disastrous latter result is discussed in the accompanying 
clipping from The Boston Globe) . 

The solution to this problem, provided by the present 
inventors, was to produce these hormones using recombinant DNA 
techniques, rather than purifying them from urine or other 
biological materials. Producing each hormone individually in 
the manner of the invention ensures that that hormone is made 
in the total absence of the others, so that if hormone mixtures 
are to be used, their precise compositions can be controlled, 
and if one hormone is to be used alone, there will be no 
contamination by the others. 




The inventors were able to produce biologically 
active, heterodimer ic hormones (i.e., hormones containing an 
alpha and a beta subunit, which are encoded in nature by 
distinct mRNA's) in a single cell, either containing two 
plasmids, one encoding the alpha subunit and the other encoding 
the beta subunit, or one plasmid encoding both. The inventors 
found that, even though the cells in which the two-subunit 
hormones are produced are undifferentiated cells, unlike the 
highly specialized cells which produce the hormones in the 
human body, post-translational heterodimer assembly occurs 
intracellularly to produce a biologically active hormone. The 
production of both subunits in one cell carries with it the 
advantage of the elimination of the need to combine the 
subunits after synthesis. As was discussed in the interview, 
and as is stated in the Skoultchi declaration, this result was 
unexpected, and is not suggested in any prior art of which 
applicants are aware. 

The specific points made in the Office Action will now 
be addressed in the order in which they appear. 

The issue regarding the deposit, page 2 of the Office 
Action, is met by the accompanying Declaration of Availability. 

Various claims were rejected under the doctrine of 
obviousness-type double patenting, in view of copending patent 
application Serial No. 548,211. As was discussed in the 
interview, the Office Action rejecting the '211 application 




will not be responded to, but rather a continuation or 
continuation-in-part application filed. Therefore, the present 
application will mature into a patent prior to the '211 
application, and it is only in the latter application that a 
terminal disclaimer would need to be filed to overcome such a 
rejection. The present application is in a separate paper 
assigned to the inventors to ensure that when the disclaimer in 
the '211 case needs to be filed, the requisite common ownership 
will obtain. 

Various claims have been provisionally rejected under 
35 USC §101 as claiming the same invention as various claims of 
copending application Serial No. 696,647, relating to the 
hormone FSH. This rejection is met by the present amendment, 
which removes FSH from the claims of the present application. 

Turning now to the rejection of various claims under 
35 USC §112, the term "subunit" is now defined in the claims as 
"encoded in nature by a distinct mRNA" , as set out on page 2, 
lines 30-32 of the specification. The words "in part" and 
"portion" in claims 5 and 33 have been replaced by more 
definite language. The Markush language suggested has been 
added to claim 5; it is unnecessary in claim 1, as claim 1 is 
now limited to one hormone, LH. (New claims 42 and 43 are 
directed to hCG production.) The typographical error in claim 
29 has been corrected. Redundant claim 8 has been cancelled, 
and claim 9 amended to depend from claim 5, rather than claim 7. 




Turning now to the rejection, under 35 USC §§102(b) 
and 103, of claims 1 through 4, 32, and 36, over Fiddes et al. 
1980, the rejection is met by the cancelling of claims 2, 4, 
32, and 36 and the amendment of claim 1 to limit it to LH, and 
exclude hCG. Fiddes et al., although mentioning LH, only 
describes a cDNA encoding the beta subunit of hCG. And Fiddes 
et al. does not suggest producing the alpha and beta subunits 
of hCG in the same cell, even though the alpha subunit DNA had 
been cloned the previous year (Fiddes et al. 1979). 

Nor do any of the publications referred to in either 
Fiddes et al. paper in connection with LH describe recombinant 
LH, since applicants were the first to clone the beta subunit 
of human LH. Thus claim 33, now amended to cover at least the 
beta subunit of LH, but not hCG or FSH, is not taught or 
suggested by Fiddes 1980 or Fiddes 1979, which only describe 
the cloning of the beta and common alpha subunit of hCG. 

At this point, applicants wish briefly to discuss 
several references cited in the above-mentioned copending 
applications Serial Nos. 696,647 and 543,211, but not in the 
present application. Donini U.S. Patent No. 3,992,514, cited 
in '211, describes mixtures of hCG and LH. Thus Donini is no 
more than a disclosure of the existence of these hormones, and 
in fact is evidence of the problem of cross-contamination of 
commercial hormone preparations. Sugimoto U.S. Patent No. 




4.383.035, also cited in '211, describes the production of LH 
by specialized human cells already capable of producing LH 
(i.e., not recombinant cells, although recombinant cells are 
mentioned generally); it is admitted in Sugimoto '035 that 
there was "simultaneous hFSH production in the supernatant" 
(col. 4, lines 26-28, lines 61-62). Sugimoto U.S. Pat. No. 

4.383.036, also cited in '211, describes the production of hCG 
from human cells capable of producing hCG . (Although it is not 
known whether the hCG-containing material produced according to 
the Sugimoto '036 method was completely free of FSH and LH, 
applicants believe such hCG has been made by others, and 
consequently claim 1 of the present application has been 
amended to exclude hCG.) Vamvakopoulos et al., also cited in 
•211, describes cDNA's encoding the alpha and beta subunits of 
the hormone thyrotropin, but there is no disclosure or 
suggestion of .the production of a dimeric hormone using such 
cDNA's, let alone production of such a dimer in one cell. If 
anything, Vamvakopoulos et al., by its failure to produce dimer 
despite the description of cDNA's for both subunits of a 
hormone, teaches away from the present invention. Maniatis et 
al., also cited in '211, merely describes some of the standard 
recombinant DNA techniques used by applicants in the work 
described in the patent application. Sugimoto U.S. Pat. No. 
4,383,034, cited in '647, describes the use of naturally FSH 



producing cells to produce this hormone; LH is produced at the 
same time. Howley et al. U.S. Pat. No. 4,419,446, also cited 
in '647, describes BPV vectors similar in some respects to 
those used in some of the examples of the present application, 
but does not mention dimers or fertility hormones. 

Returning now to the references cited in the present 
case, a number of claims were rejected over Cohen et al. It is 
true that Cohen et al. mentions the possibility of producing 
fertility hormones using recombinant DNA techniques; at columns 
8, lines 64-70 and 9, lines 1-3, three of the sixteen hormones 
listed are fertility hormones; Cohen et al. go on to mention 
about thirty additional proteins which might be produced using 
recombinant DNA techniques. Clearly this is nothing more than 
a wish list, and is not a teaching that any particular protein 
on the list could be made, let alone that a dimeric protein 
could be made. Nor does the vaque language (column 8, line 56) 
"one or more . . . genes" suggest a dimer. Indeed, in the 
prokaryotic system described in Cohen et al., dimers such as 
applicants' could not be produced, since, as is well-known, 
prokaryotic cells do not glycosylate eukaryotic proteins, and 
therefore a biologically active, properly assembled dimer could 
not be produced in these cells, even if the cells were 
transformed with the requisite DNA encoding the alpha and beta 
subunits . 



> *m 



Finally, turning to the rejection of a number of the 
claims in view of Cohen et al., Moriarty et al., Reddy et al., 
Hamer et al., and Sarver et al., in view of their each teaching 
some piece of some of the constructions of the claims, 
applicants admit that the references do so teach (as does the 
Hamer et al. patent application submitted at the interview), 
but none even suggests that a functional dimeric protein could 
be made according to applicants 1 invention. Moriarty et al. 
produces hepatitis antigen, which is a monomer, not a dimer. 
Reddy et al. produces, by design, incomplete proteins. The two 
Hamer et al. papers produce monomers, as does Sarver et al. 

In additon to the Skoultchi declaration, which 
reiterates the unexpected nature of applicants' discovery, 
applicants have submitted a reprint from the highly respected 
journal Science, in which applicants 1 invention is discussed. 
Dr. Leroy Hood of the California Institute of Technology is 
quoted as saying the work of the present inventors is 
"interesting" because it is one of the first reports of the 
production of a recombinant glycosylated protein. Dr. Judith 
Vaitukaitis, the head of endocrinology at Boston City Hospital, 
who tested applicants' hormones, says they are "quite good" and 
are expected to be "clinically useful". Dr. Vaitukaitis also 
discusses the problem with prior art preparations, discussed 
above, of "cross contamination with other hormones, which can 




complicate treatment and clinical research", ^problem which 
applicants* invention has overcome. Finally, Dr. John Pierce 
of the University of California is quoted as saying, "I think 
it's the way to go." 

In view of the above, all of the claims now in the 
application are believed to be in condition for allowance, and 
such action is requested. 

Respectfully submitted, 

Paful T. Clark 
Attorney for Applicant 

Fish & Richardson 
One Financial Center 
Boston, MA 02111 
(617) 542-5070 
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Vemuri B. Reddy et al. Art Unit: 127 

548,228 Examiner: Giesser 

November 2, 1983 
Heteropolymer ic Proteins 



Commissioner of Patents and Trademarks 
Washington, DC 20231 

Sir: 

Amendment 

Cancel Claims ir~i>, 6, 8, 16, 32, and 39. 

Amend claims^S, 6, 9, 29, 33, 34, and 35 as follows: 

— 5. (Twice Amended) A cell comprising a first 
expression vector, said cell being capable of producing a 
biologically active human fertility hormone comprised of two 
subunits , said hormone being selected from the group consisting 
essentially of hCG, LH, and FSH, one or both said subunits of 
said hormone being encoded [at least in part] by said first 
expression vector. 

— 9. (Amended) The cell of claim [7] 5, both subunits 
of said hormone being encoded by said first expression vector. 

— 29. The expression vector of claim 23, pRF375 in 
[CL27] C127 cells, ATCC CRL 8401. 

--33 (Twice Amended) A method for procuding a 
biologically active human fertility hormone selected from the 
group consisting essentially of [hCG,] LH [,] and FSH 
comprising culturing host cells comprising a first expression 
vector encoding [at least a portion] the beta subunit of said 
hormone. 



•f- 




— 34.^Twice Amended) The method^ff claim 33, [the 
first subunit of said hormone being encoded by said first 
expression vector and a second] the alpha subunit of said 
hormone being encoded by a second expression vector comprised 
in said host cell. 

— 35. (Amended) The method of claim 33, both alpha and 
beta subunits of said hormone being ecoded by said first 
expression vector. 

Add new claims 42 and 43: 

— 42. (New) A method for producing biologically active 
hCG comprising culturing host cells comprising an expression 
vector encoding the alpha and beta subunits of said hCG. — 

— 43. (New) A method for producing biologically active 
hCG comprising culturing host cells comprising a first 
expression vector encoding the alpha subunit of said hCG and a 
second expression vector encoding the beta subunit of said 
hCG.— 

Respectfully submitted, 



Paul T. Clark 
Attorney for Applicant 

Fish & Richardson 
One Financial Center 
Boston, MA 02111 
(617) 542-5070 
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EttEM GOODMAN " 

The septuplet suit 



What a long, long way from 
May to October. In May. Patti 
Frustacl gave birth to America's 
first septuplets. In October, she 
and her husband Sam filed law- 
suit against the doctor and clinic 
that made her fertile. 

In May. the excited father of six 
live babies told one press confer- 
ence, "We at least have a basket- 
ball team." In October, the attor- 
ney for the parents of three re- 
maining Infants told another 
press conference: Sam and Pattl 
"are literally prisoners In their 
own home." 

In the spring, the cover of Peo- 
ple magazine proclaimed. "Oh, 
What a Birthday!" In. the fall, 
there was a small item carried on 
the wires: "Parents of Septuplets 
Sue." 

In some ways the progression 
from delivery room to courtroom 
was as predictable as the transi- 
tion from spring to fall. But hardly 
as natural. The Frustacls* story is 
a modern high-tech drama, a tale 
of human nature and sophisticat- 
ed medical technology, of high ex- 
pectations and deep disappoint- 
ments. 

At one point Sam Frustacl 
called his children "a gift of God," 
but there was human interven- 
tion In their creation and their 
care. Both the Frustacls had some 
form of fertility problem that 
might have left them childless a 
generation ago. With the aid of a 
drug. Pergonal, they had a son. 
They, went back to the same drug 



treated for serious lung diseases, 
eye problems and hernias. The 
bills so far have been more than 
$1 million. 

There is no reason to doubt 
Patti Frustacl's description of this 
"catastrophe." She wrote: "You 
simply cannot imagine how our 
lives have been totally and radi- 
cally altered "I can scarcely 

leave the house Life will never 

be what It was before." No one 
goes through such a pregnancy, 
the loss of four Infants and taking 
on the care of three very Injured, 
babies without traumatic change. 

But what is too familiar and 
too unsettling is their need to as- 
sess blame, get compensation.' A't 
some level, the Frustacls are suing 
for a breach of technological 
promise. sm 

■ 

With proper monitor- " ' 
lag, the Frustacls cort;: , 
tend, with ultrasound : * 
imaging, they might :r. '■; 
have avoided the *ca- *'< 
tastrophe* of septu- , & 
plets. 



The experts In this case will 
duel over fertility drugs and ultra- 
sound monitoring, over whether 
the doctor and the clinic were 
guilty of malpractice. The courts 
will decide whether the doctor 

» iU6 f 31 ^ "wrongful death" of 

for a second child, but this dosage four bables wnen he heI l*d to cre- 
produced a bounty of eggs. ate tnelr llfe * Wnat !s equally in> 

With proper monitoring, the P° rtant ,s th elr and our own ex- 



Frustacis contend, with ultra 
sound imaging, they might have 
avoided the "catastrophe" of sep- 
tuplets by waiting for a less fertile 
month. Instead of one fetus, she 
got seven. 

Together the Frustacls decided 
against abortion. She went 
through with a carefully monl- 



pectatlons of medicine. 

Tasked the Frustacls' lawyer. 
Browne Greene, whether his cli- 
ents would have sued if all seven 
babies were alive and healthy. He 
answered. "If it was not what they 
bargained for. they would have 
had one hell of a grievance." The 
phrase "not what they bargainee! 



lying on her side in a hospital bed. 
Then, at 27 weeks, she delivered 
by Caesarean section. 

Patti would never have con- 
ceived these babies in another era, 
or delivered them. Surely, none of 
them would have survived In an 
earlier time. One was stillborn. 



tored pregnancy, much of it spent for "! w!th L me now - /I 
• - - - - *~ What do we bargain for when 

we bargain with reproductive sci- 
ence? One perfect child at a time? 
Risk-free ventures? Just what trie 
patient ordered? v tT 

When something goeswroriji 
with our bodies, we turn to medP 

_ _ cine to make it right. When some- 

thc six others weight thln 8 K^ 3 wron fi with medicine 

more than one pound to less than we turn t0 tne law to make !t "P to 
two pounds. The People magazine us - We are Iess accepting today, of 
cover featured them in pink-and- accl£ Jents. frailties, even "acts pf 
blue ski hats. But It was the myr- ■ ' because we depend less oj) 
lad machines and tubes - the ag- nature a nd more on technology.^ 
gresslve neonatal technology - The path from the treatment 
that kept them alive room t0 the courtroom Is well trod. 

None of those tubes and ma- lVs a dlrect llne from t0 
chines could guarantee a happy a PP° tn tment. from belief to dls' 
human ending. Only three babies may ' and from Mav t0 October.^'* 

nn7i^ l ° ^ hom * A " thre 5 are Ell *n Goodman is a Globe $\ 
on heart monitors. They are being umnlst. " 



IN THE UNJjgD STATES PATENT AND TRADE^ftK OFFICE 

\. Applicant : Vemun B. Reddy et al. ^roup Art 174 

Serial No. : 548,228 

Filed : November 2, 1983 

For v : HETERO POLYMERIC PROTEINS 

Conunissioner of Patents and Trademarks 
Washington, DC 20231 

Declaration of Arthur Skoultchi 
under 37 C.F.R. §1.132 

I declare: 

1) I hold the degree of Ph.D. in Physics from Yale 
University; my current position is Professor of Cell Biology, 
Albert Einstein Medical School; and I have published articles 
in the field of molecular genetics. 

2) I have read the above-captioned patent 
applicaiton, and the Office Action mailed July 26, 1985. 

3) I could not have predicted the production of a 
biologically active heterodimeric hormone in[ mouae C127 cells 
transformed with DNA encoding the alpha and beta subunits prior 
to its accomplishment by the above-named inventors, for the 
following reasons : 

a) Heterodimeric fertility hormones are produced 
in the body by highly specialized, differentiated 
cells which have evolved over a long period of time to 
carry out the specialized function of producing each 
particular hormone . 

b) The mechanism by which post-translational 
heterodimer assembly occurs int racel lular ly in these 
differentiated cells is not known, but it is known 



that pro 




assembly is necessary f 




biolog 



ical 



activity. 



c) Mouso C127 col - l s a r .e Undifferentiated^ 



■ trano ' f - ormcd cells whic -k do not, as far as is known, 
normally produce hormones, and thus I could not have 
predicted that such cells would be capable of properly 
assembling a heterodimer ic, biologically active 
hormone . 

All statements made herein of my own knowledge are 



believed to be true; and further these statements were made 
with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of 
the application or any patent issued thereon. 



true and all statements made on information and belief are 



Arthur Skoultchi 



Date: 



— — i 

Fertility Hormones Cloned 

A group of researchers at Integrated Genetics, a biotechnology llrm in 
Framing hum. Massachusetts, has succeeded using recombinant DNA tech- 
nology to produce two human fertility Hormones, human chorionic gonado- 
tropin (hCG) and human luteinizing hormone (hLH). This is one of the first 
reports of investigators using recombinant DNA technology to produce 
molecules that are a combination of proteins and carbohydrates in mamma- 
lian cells, according to molecular biologist Leroy Hood of the California 
institute of Technology, For that reason, says Hood, "I think it's interest- 
ing." 

The two fertility hormones have similar structures, each consisting of two 
polypeptide chains that are put together inside cells and "processed." A 
section at one end of each chain is a marker that guides the chain to the 
cell's secretory apparatus and is cleaved once the chain gets there. Before 
the hormones arc secreted from the cell, sugar molecules are added to them. 
The hormone hCG, for example, is 30 percent sugar by mass. If sugars arc 
not added to these hormones, the hormones are biologically inactive. 

Bacteria, w hich molecular biologists usually use as protein factories, 
cannorcarry out this type of processing. Although they can express added 
mammalian genes, they do not add sugars to the molecules and they do not 
excrete them. Thus molecular biologists believe that the only way to 
produce molecules as complex as the fertility hormones is to make them in 
^mammalian ceTU^ using standard methods of genetic engineering. David 
Housman, a founder of Integrated Genetics and a faculty member at 
Massachusetts Institute of Technology, used mouse cells to make hCG and 
hLH f infecting them with a bovine papilloma virus, which inserts Itself in 
the chromosomes of the cells. To the virus, he and his associates added the 
fertility hormone genes and a mouse metallothionein gene containing 
control regions that promote gene transcription. These are well-known 
methods, although, says Housman, to actually make the methods work was 
u "nontriviui achievement/* 

The ''major problem with this method is that the engineered DNA is 
unstable— the genes tend to rearrange themselves. If this happens, the 
hormone genes may not be expressed, "We had to be very careful and very 
persistent to avoid rearrangements,'* Housman says. "We had to be sure 
we picked clones that were stable/' 

Judith Vaitukaitis, an endocrinologist and fertility specialist at Boston 
City Hospital, has tested the biological activity of the fertility hormones 
produced by the Integrated Genetics group. "They're quite good," she 
says. She thinks that these hormones will be clinically useful in the 
treatment of infertility because they can induce both ovulation and sperm 
production. Although hCG and hLH are now available for infertility 
treatment, the hormones are extracted from pituitaries, urine, or placentas 
and so are not completely pure. Vaitukaitis estimates that there is between 1 
and 5 percent cross-contamination with other hormones, which can compli- 
cate treatment and clinical research. 

The pure fertility hormones also should be of interest to basic research. 
Robert Canfield of Columbia University's College of Physicians and Sur* 
geons says that, to his mind, one of the more interesting prospects will be to 
modify the genes at the sites where the sugars attach in order to study how 
the sugars relate to structure and function. Irving Boimcr of Washington 
University in St. Louis says that he and others would also tike to use the 
cloned hCG to determine the three-dimensional structure of the molecule. 
"You can't look at the three-dimensional structure of hCG now because 
there's not enough of it around/* he says. Since the fertility hormones are 
typical of other glycosylated polypeptide hormones, researchers hope that 
by learning about them they will learn about other such hormones. 

In any event, the Integrated Genetics group has shown the feasibility of 
cloning conjugated molecules in mammalian cells. "It is certainly one very 
smart approach— no question aoout it, says jonn fierce oi me university 
of California at Los Angeles. "1 think it's the way to go/ 1 — Gina Kolata 
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HUMAN GROWTH HORMONE 
PRODUCED BY RECOMBINANT DNA 
IN MOUSE CELLS' 



Abstract of the Disclosure 

* 

A recombinant DNA composed of (1) bovine 
papilloma virus, (2) the promoter region <bf the mouse 
metallothionein I gene and (3) human growth hormone 
structural sequences ligated to the metallothionein pro- 
moter was constructed. The recombinant was stably main- 
tained as an episorr.e and directed production of human 
growth hormone when introduced into cultured mammal i an 
cells. Not only was the yield unexpectedly high, puri- - 
fication was vastly simplified because the growth hor- 
mone was secreted into the tissue culture medium. The 
.process was suitable for spinner culture. /Additionally, 
recombinant DNA molecules composed of (1) bovine papil- 
loma virus and (2) the whole metallothionein I gene were 
utilized to render mouse cells resistant to toxic con- 
centrations of cadmium. This combination was utilized 
as a 'selective marker to cotransfer other, non-select- 
able cr-nes (such as human growth hormone) into mammalian 
eel Is. 



!^^S known, but a svnt-hpfi^r 



s known, but a synthetic^chcmi stry process is 



hGH 

impr,'" '%ical . 



The production of hGH in bacteria using a, 
recombinant synthetic gene has been described (US Patent 
4,342,832 Goeddel et al). The disadvantages .of this 
process are the difficulties of separation and purifica- 
tion and the fact that the resultant product contains an 
ainino terminal f ormyl-methionin residue which is not- 
found -in the normal growth hormone and could be immuno- 
genic in humans". . ... 

Metallot hioneins . The metallothioneins are 
small cysteine-rich heavy metal binding proteins; They 
have been found in all eukaryotic species examined and 
in many different organs and cell types/ They protect 
the cell from heavy metal poisoning and may also play a 
role- in zinc and copper homeostasis. ; 

Recently it was shown that a cloned -metallq— - ■ 
thionein-I gene retains its inducibility "by cadmium when 
introduced into cells by microinjection, cotransf orma- . 
tion, or transfection with simian .virus • 40 (SV40) "recom- . 
binants. .The present invention construct^ a metallo-. - 
thionein ( K<T) -human growth hormone ( hGH ) hybrid gene, - 
.clones it in a bovine papilloma virus- (BPV) vector,, and 
introduces, the recombinant molecules into' cultured mouse.- 
cells. The hybrid gene is. regulated by cadmium, but not 
by dexamethasone, whereas the chromosomal genes in- the - 
same .cells are induced by both agents. hGH polypeptide- 
synthesis is inducible by cadmium in the transformed 
cells. and very high levels of protein are accumulated. 

j?.°y_L!l e _. p ?.r?.L ] _ 3 _°i!: a _ ..YL^l-LYSt?. 1 .?. r .l - 3ov i ne paoi 1 - 
loma virus DNA has been utilized as a vector to intro- 
duce various- cones into ir.a Ku T«] i on cells in tissue cul- 
ture (Server et al., 1931). 



P rior Statement ^{ ' 

US Patent 4,342,832 Goeddel et al uses a- syn- 
thetic gene to produce human growth hormone in bac- * 
teria. 

/ 

Sarver et al , "Bovine Papilloma Virus DNA: A 
Novel Eukaryotic Cloning Vector," Molecular and Cellular 
Biology , J_/ No. 6, June 1981, pp 486-496 - The BPV clon- 
ing vector is described; the vector is attached to pre- . 
proinsulin gene I. 

Brinster et al, "Regulation of Metallothonein- 
Thymidine Kinase Fusion Plasma Injected into Mouse 
Eggs," Nature , 296 , March 1982, pp 39-42 - Metallo- 
thionein-I gene promoter sequences fused to herpes virus 
thymidine kinase are used to accomplish the expression 
of the kinase gene. Mouse eggs are microin j ected with ' 
this plasmid. 

Hamer et al, "Induction of a Mouse Metallo- 
thionein-I Gene in Animal Virus Vectors/' Eukaryotic 
Viral Vectors , Cold Spring Harbor Laboratory, NY," pp. 
7-12 (abstract), 1982. 

Pavlakis and Hamer, "Regulation of a Metallo- 
thionein - Growth Hormone Hybrid Gene in Bovine 
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Background of the Inve ntion 

Human Growth Ho rmone . Growth hormone is pro- 
duced by the anterior lobe of the pituitary gland. 
Hypofunction of the anterior pituitary that affects the 
hGrl production leads to hypopi t u i tary dwarfism. Severe 
canes of: hypopi tui tary dwarfism are treated with human 
growth hormone ' i sol a t od f com human cadavers. This 
.supply is s;r,.:i11 and isolation and purification is 
complex and expensive. The amino acid soouence of the 



# . invenAp utiHzes Bovine ' Papi 1- 

lo»7 »r„s (BPV) as a veetorT,transf er the mouse 
netaUothionein-l <„„> ge ne into mouse "cells 'in culture 
These BPV- OT recombinants direct the synthesis of iaroe 
quantities of metallothionein which renders the cells' 
_ distant to cadmium ( C d) and thus act as a marker " 

Furthermore, Cd resistance is utii i 

, . • • • utilized as a dominant 

selection in order to co-trarnf 

. t transfer other, non-selectable 

■ genes into —Hi, cells. A human growth hormone 
-ni-oene is inserted into bpv-mt vectors and, after 

; -election, cadmium resistant dones produce and secrete 
into the median, large quantities of human growth hor- 

; -ne. This simple dominant selection' allows the intro- 
duction of non-selectable genes into many different cell 
types. 

• This-vector, consisting of the 69% transform- 
ing region of. the Bovine Papilloma virus,. as. well -as a ■ 
vector consisting of. the whole Bovine Papilloma Virus .' 
molecule cloned-in: the plasmid p., W -(Sarver et - a!" . 
1982, in -press; -Lusky and Botchan,- ,981) have been' 
utiUzed'in this invention to introduce human, growth 
hormone-genes -into mouse- cells in -culture," The "present " 
invention has isolated cell lines that produce and 
secrete very high quantities of hG „. Als is attributed 
to (1) .he strength and inducibility of -the utilized - 
n.ouse metallothionein-1- promoter and (2). the stability, 
and nigh copy "number-. of the recombinant DNA molecules . 
introduced into the mouse cells. •- 

In the first process utilized to introduce" the 
human growth hormone gone into the cells (essentially as 
described by Server et al., 1981) , c<?ns Qf 
expressing the h u ,,,„ 9 , OMth hormone gene were selected 
on the basis of thoir altered genotype. The ce„s were' 
propagated ,)...,",. Hy ;o .„„. £ , crc . 0 ,„.,, 



was^.sted by radioimmunoass^- J[ the tissue' culture 
media. 



- The novel aspects of the present process 'and ' 
resulting products are that: (1) Very large quantities 
of hGH are. accumulated in the tissue culture medium of 
the transformed cells. The amount of protein is at 
least 100 times greater than in previously described 
experiments (Sarver et al., 1981). There are two 
reasons for this— (a) the mouse. KT-I promoter used , in 
the present invention proved to be a strong promoter 
when present on a BPV vector, especially when induced by 
a heavy metal such as cadmium; (b) the KT-hGH hybrid 
gene used was found to contain sequences that stabilize 
the vector. The previously used vectors did not contain 
these sequences and were unstable. The level of expres- 
sion of , the present hybrid gene is., substantially greater 
than -could .have been predicted from previous studies of 
this- promoter-i.Brinster et alv., -..1382;" Kayo :-et . al . , - 
1982) T~-.( 2) Some "cell clones were adapted to "grow in 
liquid culture, thereby, facilitating the growth of large - 
quantities of cells. Upon introduction into liquid cul- 
ture, the ability of the clones to produce hGH was 
initially lowered. Therefore, daughter cell lines were - 
selected which can grow both in 1 iquid ? cul ture and mono- 
layer culture and maintain high levels of hGH produc- - - 
tion.-.,This is the first time thaf.ithas been possible 
to grow cells transformed with a BPV recombinant in 
liquid culture and maintain satisfactory expression. 
(3), The hGH produced by the present procedure is pro- 
cessed and secreted by .the manuuari an host cells. There- 
fore; it is not expc-cted to contain any extraneous amino 
.-icics at the cmino terminus. This is in contrast to the 
hGH produced by baclc-ri.il host cells (US 4,34 2, 832) 
which contains amino !.erir.in?.l f or i7.ylir.ethi onine. 



^ In the second proces^utilized, the'' whole 
mouse ij&allothionein gene was i'.^ated to the BPV 
vector. The inetallothionein gene on BPV directs. the 
synthesis of large quantities of inetallothionein which 
renders the cells resistant to toxic concentrations of 
cadmium. Therefore, the isolation of cells. that main- 
tain and express the recombinant DNA molecules is 
simplified: After introduction of the recombinant DMA 
into the cells, toxic concentrations of CdCl 2 are 
included in the tissue culture medium. Cells that do 
not contain .the recombinant DNA molecule are. killed by 
Cd while the- ones that express the newly introduced 
metallothionein gene on the BPV recombinant grow - 
normal lv. 

These BPV-MT vectors can be utilized to intro- 
duce other, nonselectable genes into mouse cells. For 
example, a human growth hormone "minigene" that does not 
contain any intervening- sequences was inserted into ..such 
a vector,, the resulting. recombinant. molecules were- - 
introduced into mouse cells and cell lines resistant to 
Cd were isolated and propagated. Several of these cell, 
lines tested were shown -to -produce "and secrete high -" - - 
levels of . the hGH encoded by- the inserted . gene. . The 
novelty of this process is that it is. the first time a - 

ilT gene is used as a marker .for BPV recombinants. This- 
vector should be useful for introducing other :non- ■ 
selectable , genes into cultured, cells; e.g. ,. genes for . :- 

other hormones- (such as. insulin or calcitonin) and for. 

virus gene products that could be used as vaccines (such 

as hepatitis 3 surface antigen). 

Descript ion of the Drawinns 



G. 1 -A. The structures of: the mouse 



metal^thionein gene, the humaArowth hormone ' 
"minige( and the MT-hGH hybridQene are shown. The 
expected messenger RNA molecules are also shown under 
the genes. •» 

FI.G.l-B. The structures of recombinant 
viruses BPVMG6 and BPVMG7 are shown. These viruses were 
constructed as described in the text and were introduced 
into mouse C127 cells. 

FIG 1-C. Plasmid BPV recombinants containing 
the intact mouse MT-I gene in two different orientations 
are shown. These molecules can be used to bring other 
structural sequences under the control of the MT-I pro- 
moter and to confer cadmium resistance to transformed 
cells. ..Hatched bars indicate BPV sequences, solid lines 
and boxes indicate MT-I sequences and wavy, lines indi- . 
cate D3R322 sequences. Restriction- enzyme symbols are: 
E, EcoRI;.:B;;-.BamHI;-. H / Hind II I ; Bg Ball I ; - K, Kpnl ; S, . - 
Sad; A, Avails -. 

FIG. 2... Construction of the MT-hGH hybrid -' 
gene and insertion into. a BPV vector.are shown:-" A 4 Kb: 
EcoRI fragment containing the entire mouse MT-I gene (a) 
and a 2.1 Kb EcoRI fragment containing an. hGH mini-gene - 
•" ; (b) were inserted into a p3R322-SV40 vector.- The hGH 
mini-gene has 3 out of 4 intervening sequences of the 
hGH gene removed and is functional in "iron key kidney t 
cells (see -section .V). . A 2 Kb BamHI fragment, which 
extends from the cap site of the hGH gene to the BamHI 
site of pBR322, ..was isolated from P SVGH3C2{L) and 
inserted into the Bglll site in the first exon of the 
MT-I gene. A plasinid, pSVMTGHS, which has the hGH frag- 
ment in the same transcriptional orientation as the MT-I - 
gone was isolated. Digestion ot this P 3«s:nid with, 
iii.'.olll yield-rd a f r.-:.ji;.ont thot contci i nc-d 2 Kb of MT-I 
S' flunking a c- c « c- n c c- s .- :n d p oC t of the first exon of the 



MT Mr f«sed to the ca? site^P '.'.he hGH minVgene. 
This fragment was inserted into 'the Hindi! 1-1 ineari zed 
.. plasmid PBPV69TD. This vector contains the Ssi trans- 
forming BamHI-Hindlll fragment of Bovine Papilloma ' 
Virus-1 cloned into pBR322. Note that the small _ ' 
Hindlll-BamHI. fragment of p.BR32 2 is duplicated in this 
vector in order to facilitate subsequent manipulations. 
After cloning in e. coli the four different orientations 
of recombinant plasmid were isolated. i„ two of these, 
designated pBPVMGS and pBPVMG7, the P BR322 sequences can 
be excised by complete BamHI digestion. This generated 
the two . molecules designated BPVKG6 and BPVMG7 in which 
the" hybrid gene is associated with the BPV vector in 
both possible orientations. 

FIG. 3. SV4 0-MT-I plasmids. . The 4000 bp 
EcoRI fragment containing the mouse MT-I gene was 
inserted into a. "poison minus'-' P 3R322 -vector containing -- 
the complete --SV4.0--genome,--.Solid -boxes -indicate KT-I---,i 
structural sequences/ cross-hatched boxes indicate. MT-J-.. 
intervening sequences, hollow boxes -. indicate -MT-I -f lank-, 
ing sequences, thick lines indicate SV40 sequences:, and , 
thin lines "indicate - P 3R322 .sequences.-,- Ori, . Origin of 
SV40 DNA replication; E, direction of SV40 early, tran- - - 
script i on ;" L, direction of SV40 late transcription; P,. -. 
PstI ;- B,- BamHI. - 

FIG. 4ii. Bovine papilloma-metallothionein-r •% - 
human growth hormone recombinants are shown.. Such 
recombinants were utilizedin order -to transfer a hGH . 
mini-gene into mouse cells. These recombinants contain - 
the 69% transforming DNA piece of 3PV (hatched bars) . - 
together with complete KT gene. that arc derived f com. the • 
vector P3PVKT5. A human growth mini-gene with no inter- 
vening sequences v *s lighted to this vector, together 
with piece of SV4 0 il-N-A containing the origin of DNA 
replication (Ori). Such recombinants can rc^licote both 



in ft :e cells and in monkey ^ -1 cells. j/, BamHI; E f 
EcoRI; H, Hind 1 1 1; K, KpnI. * " . 

FIG. 5. Bovine papilloma virus-metallo- 
thionein recombinants that can be utilized as vectors to 
transfer other, non-selectable genes into mouse cells 
are shown. They contain the whole BPV molecule linear- 
ized at the BamHI. site (hatched bar), the mouse metallo- 
thionein I gene and a piece of pML2 DNA that contains 
the p3R322 origin of replication and the penicillinase 
gene (wavy line) . - These molecules can replicate both in 
E. coli (in which case they render the bacteria 
resistant to ampicillin) and in animal cells (in which 
case they render the cells resistant to heavy metals 
such as cadmium) . -Vectors pSMTHI and pBMTHl 1 contain 
one and two copies- of - the i-5T.gene, respectively, which 
is inserted into the Hindlll site of BPV viral DNA; 
theref ore, :-..they. ; contain: a .discontinuous BPV DNA mole- 
cule --Vector- PBMTK6-* has • convenient restriction" si±es- . 
for nucleases- BamHI, Sail and Sad, in which other . gepes. 
can be--inserted . - . ." • 

FIG. -6 shows the production of hGH by. the 
BPVMG .transformed cell lines. Cells were grown in .-. 
_ 24 -well plates; induced by CdCl 2 or dexamethasone. for : z- 
15 hrs. and the hGH in the media .was quantitated by- - 
radioimmunoassay. -. -(-) uninduced cells;-. (C) cells -"-.r 
induced-by V ul-J CdCl 2 r (D) cells induced" by, 50nM . dexa- 
methasone.- - Control lines (CI 27; . ID! 3, NS8) - gave- values 
<1 ng/ml in rthis assay . 

FIG. 7 "shows gel transfer hybridization of 
total cell DNA from 12 clones containing the BPV. 
recombinants and producing hGH. Total cell DNA was 
digested with: A, F^r.HI; B , Sod; or C, KpnI, electro- 
pbor cc.:-d on U a j( - : ro ;;a gels,. Molted on nitrocellulose 
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.•".is pBPVMG6 DNA digested™:;.^ the same' enzymes. 



FIG. 8 shows gel transfer hybridization of low 
molecular weight Hirt supernatant DNA from transformed 
cells. Line 1 is ID13 cells, a control line- containing - 
wild-type BPV. Line 2 is a clone of cells ( CBMG6-9 ) 
that contains BPVMG-6 and produces hGH. The DNA was 
either undigested (-) or digested with nucleases SacI or 
KpnI. ' The approximate positions of supercoiled (I), 
nicked circular (II) and unit-length linear molecules 
(III) are indicated. Notice that BPV DNA is smaller. ' 
than BPVMG6- DNA.- -The higher bands, indicated by X on - 
the gel, are free multimers or concatenated molecules. 

i 

FIG. 9 shows the toxicity of CdCl 2 for the 
jnouse C127 cells. " Cells were^grown in .24-well plates; 
and were, treated, with various concentrations of CdCl 2 
as indicated,--.- No cells -survived "when Cd-concentrat ions - 
were - higher ;:than. 1 5 pM".' 

FIG... 10 shows -that the transfer of- the BPV-MT- 
hGH recombinants * into jnouserC127 cells renders- them 
resistant to Cd . - Mouse -C127 cells were transfected with,. 
BPV-MT-hGH" recombinants and subsequently -treated- with -20 
..uM CdCl^. 1 " A, C127 cells untreated; B, CI 27 cells - : 
treated with CdCl" 2 - (20 pM); and C, C127 cells trans- : : \ 
fected -vith BPV-MT-hGH recombinants and treated with-- 
CdCl 2 (20 pM) . ■■• : . 

FIG. -11 shows the resistance of individual, 
clones to Cd. Individual foci surviving in 20 uK' '_ . 
CdCl 2 were i.ransf erred and propagated. Equal numbers 
of cells were plated in 24-wcll plates and treated. with 
(from top to bottom) 20, 40, 80, and 100 pK CdCl 2 :- 
So.-e clones survive in 80 uM C<5C1 2 . Clones G2-G5 con- 
tain BPV-KT--GH re coir.^i nsnts . Clones i'3, Ml 3 contain 



•^.cecoh)oinari^\ : -- Uoii e i, U'Ajiu Vd produce ana 
ett large quantities of hGHA ' . 



FIG. 12 shows induction of hGH and . MT pro- 
teins. Induced and uninduced cells were labeled f or 'l 
hr with 35 S-Cys after 7 hr of induction. Cellular 
and media proteins were analyzed by electrophoresis on 
20% acrylamide gels and autoradiography. Figure 1 2-A 
compares media proteins from the control line ID13 
(transformed with BPV-I virus) and from clone 7-4 
(transformed with BPVMG7). Only 7-4 medium contains a 
band comigrating with authentic pituitary hGH. Figuare 
12-B shows the total media proteins from cells that had 
been treated -for 7 hr with .1 uM CdCl 2 (C), 50 nM dexa- 
methasone (D), or no inducer (-). Figure 12-C shows the 
total cell proteins from the same cells analyzed in B. 
Notice that dexamethasone treatment inhibits overall 
protein. synthesis but induces metallothionein produc- 
tion.. 

Glossary and Abbreviations - - 

MT = metallothionein - 

E = restriction enzyme EcoRI -• 

B = restriction enzyme Barr.HI 

H = restriction enzyme Hindlll : 

Bg = Bglll • : • 

K = restriction enzyme Kpnl - - 
S = SacI : ■ . 
A = Avails ^ - 

hGH = "human growth hormone 
BPV = bovine papilloma virus 

B?v 69 subgenomic BPV cleaved at BamHI site and - 
Hindlll site 

Mini-gene = smaller size and missing several restriction 
sites 0/ /; i .. fjtfr 

Non-selectable genes = examples include other hormones 
(such as insulin or calcitonin) or viral gene 
products (Tor example, hepatitis B surface 
antinr- n) 
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E. coli strain HB101 (Boyer and Royland- 

DUSSOix, J. Mol . Biol Al KO lo<-ni - J 

Lz «ioi. , 41, 459, 1969), carrying plasmid 

PBPVMG7 has received ATCC #39242.! 

E. coli strain HB101 carrying plasmid pBPVMTS 
has received ATCC #39239. " 

E. coli strain HB101 carrying plasmid P 3PVMTK6 
has received ATCC #39240. 

E. coli strain HB101 carrying plasmid pBPVMTHI 1 
has received ATCC #39241. 

Cell line CBMG6-9 has received ATCC #CRL 8189.: 
Cell line CBMG7-.4 L2 has received ATCC #CRL8187. 
Cell line CBM5G5" has received ATCC #CRL8188. 

Construction of Plasmid Recombinants 

pBPVMGS and PBPVHG7. The construction of 
PBPVMG6 and pBPVMG7 involved three steps (see Figure 2). 
First, a hGH "mini-gene" was constructed.- For this, the- 
genomic. sequences between the Pvull site in exon 2 and- 
the Bglli site in exon 5 were replaced with the "corre- - 
sponding fragment of an hGH cDNA clone (Martial et al . , - 
1979)V "The resulting hGH "mini-gene" is of a smaller 
size and it is missing several restriction sites, - 
.facilitating further manipulations. This ? "mini-gene" 
was tested for. expression in monkey cells in an SV40" - 
vector as decribed for the unaltered gene (Pavlakis et, -- 
al., 1981) and it was found that it directs the syn-- 
thesis of large quantities of hGH. The "mini-gene" was 
propagated in E. coli HB101 on the recombinant plasmid 
PSVGH3C2(L) (Figure 2). After purification, the mini- . 
gene was excised from the plasmid with BamHI which cuts 
at the 5' end of the exon 1 and in plasmid DN'A down- 
stream from the gene. Second, this fragment was sub- 
cloned into the sglll site in the 5' untranslated region 
of the mouse MT-I gone in p>JY;;:-;T( E) (Ha^r and Walling, 
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; 3K ThlS ite P grated a hybrid oc-ne 
hat cunsxst, of US Kbp o f ,A s- flanging sequences, 
68 bp of MT-I 5 . untranslated sequences, the W bp first 
exon of the hGH gene, a 230 bp hGH intron, the raining 
0 bp of hGH structural sequences, and , S0 bp of hGR 3' 
flanking sequences. Third, the hybrid gene vas 
recovered by hindm digestion and was i nserted into 
PBPV69.TD partially digested with HindHI. Pl 2smia . 
PBPVS9TO consists of the 69* Ba.HX-KindHX transforming 
.ra 9ra ent of BW-I cloned in p BR 322 (lowy et al ;, )9 ' 
^ two different orientations, depicted in Fiaure 2 " 
were PB™.^ and PBPVHG7 an d were ^ , 

Construction of BPVHG6^BPVHg7. BPVMG6 and 

^?VMG7 were constructed from n^v.nr- ^ ^ 

respectively, by. excision of the dBR^?7 Q(ln ' . . 

^ Lne P bj ^2 sequences -with - 
^ a m ii 1 and recircnlpri - ^^- v^^ - , , 

ecirc U i cruaaon Wlth DfJA i igase . (Figure . 2) ^. 

con- 
struct. recombinants p3PV7.Tr and pBP^TS, plasmid 

P^«MT(E),(Fi g .. , 3 )-vas digested with Hindin- and the 3 3 

*o .ragment containing the mouse MT-I gene and 5 '-flank- " 

mg sequences was cloned, into P BPV69TD partially- - 

digested with HindHI, The recombinants 'shown - in Fig c 

were propagated in and isolated from E. -coli HB1 01 - 1 

Construction gf^PV KTl, 3PVMT5 ~ : EPVMT 1 and • - 
BPVMT5 were constructed f com . the plasmids -pBPVHTl and " 
PBPVMT5 (Fig.- 1C) by excision of the P BR322 seouences ' 

with HindHI - 

^_^t 3 : ?2! _of_K5Gl / K 5 « iF^g.^O Two 
methods were utilized to construct these "recombinant 
viruses. (1) The Hindi II linearized 3PV,T5 molecu], ,, s 
ll -' 2tCd f: ° a HindI11 f^c-nt containing (a, , n h c« 
.t.1,,1 -cone with no intervening sendees , r . d (b) 
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of SV,. containing the sv^brigin of '4 plicati o„ 

(nucleotides 5,7, to 3 «>. (2) X he seco „ a J^. 

involves the construction of reco.binant p3asmlds < 
PBPVK5G1 and PBPVK5P? r>i 

h p • , PBP V/i5G2 . Plasmad pBPVKTS was linearized 

by Hmain digestion and -liqated ^ 

- . J-igated to the same hGH-SV40 

fragment described above. e. coli was transformed „ Uh 

Sin III 1 PBPVK5G2 iS ° lated 

Hindlll. The resulting molecules B w«n .» 

. a l " JK BPVhSGI ana PBVK5G2 

" re circularized by DNA ligase. 

, T „ Cons truction of _ mi K 6 , p 3MTK6 i , Fl - „ 5) . A 

Kb Kp„I-B. BB i BPV DNA piece was ligatea to the Kp nI ■ 
Pla£raid • »as„ia pk L2 -bpv, cl- - 

lnS ent " e BPV ' Sence cloned, in- the p3«322— 

cenvative pHL2.<L u , ky and Botchan,,, , 98 , K : rhe r e"su7t- • 

by -o dxrectly, repeated BPV DNA .' lt also contains ■ a- 
P.. e o pn ^ mA trom the SalI site , to the Binail ^. : - 

" " • P8OTK6 '" iS 3 S " ! "«- <* PB««« which-- • 

missl "9 the- directly repeatea BPV DNA. -.. 

£°E£truct jo n of pBMTH 1 . hMth i i ' 
■Bindlll fra 9ra ent containing the entire »T-I -D^s'."': :,' 
ligated to ".the Hindu I-Xf ne ari. 2 ed pKL2-BPV, - The - 
resulting plasmids P B H THKa„a P B H TH „ that contain one - 

. , u .enes.rc.pectively.vere propagated in an 

isolated from E.. coli HB101. 

Co. nstruction_of_i.; ouse Cell Lines 



^2D±lining__BPVMG6_and B?VK_G7. Kecireu-- 
B?V - :G8 ° r 'y >V ^ 7 -H-coVes constructed as ' 
cscc^-d obove, were introduced i„ lo ' .rouse C127 cells 

by UlC calciu;n phosphate coprecioi- 
. - ic,r... li:ia ., pd v .= n ..:e r Kb, 1973). After 



three weeks, individual foci were picked into 24-well 
tissue culture plates and were grown in Dulbeco's" 
minimum essential medium with 10% fetal calf serum/ The 
medium was tested for the presence of hGH by a specific 
hGH "radioimmunoassay ( RIA) . All 25 clones tested were 
shown to produce and secrete various quantities of hGH, 
easily detected by RIA (Fig. -6). Cloned cell* lines were 
named Ch5BG6-n (0=1,2/3,...) for those carrying the - 

BPVMGS recombinant and CMBG7-n (n =1, 2, 3, ) for 

those carrying the BPVMG7 recombinant. To establish the 
status of the recombinant molecules in the transformed 
lines;- their "total- DMA was extracted and analyzed -by-'ge-l 
transfer hybridization to a BPV probe. Fig. 7 shows the 
results for twelve clones digested with BamHI or Sad, 
which cleave. once, and with Kpnl, which cleaves twice.. 
Ten of the twelve clones gave predominantly or exclu-_- 
sively.a single, unit-length band with BamHI and SacI,:. ... 
and two bands:-of - the" appropriate-lengths. . with KpnK 
This demonstrates, in agreement with previous -results 

that the recombinant molecules, are maintained 
primarily, or exclusively as episomesv By comparison 
with a plasmid DNA standard,. it_is estimated -that the 
transformants contain between -.1 0-1 00 copies/cell of the - 
recombinant molecules. The presence of faint bands in 
some of .the digests may reflect minor rearrangements - in : 
the DNA or the presence of . more .. than "one cell ; type. -.Two _ 
of the clones: (6-2 and. 6-3) :gave di f f erent restriction... 
patterns -indicative of gross -rearrangements. One of--- ™ 
thes'e lines (6-3) was unstable and stopped producing hGH 
after. 5 months of . cul ture.-J- In contrast, all of the 10- 
clones with the expected DNA structure 'continued to pro- 
duce hGH after 1 year of continuous passage. Analysis - 
of the low molecular weight Hirt supernatant DNA (Hirt, 
12C9) from several clones that hid been grown for 10. : 
."■ont 'us shoved no ,":1 t or a t i ons in DMA structure and con- 
fined the presence" of super coiled o-pi sorr.al ir-olecules 
{Fig. 3). Tiio presence of hGH sequences stabilizes the 
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therefore, the recount moleculef are propa- 
gated' stably in the mouse cells and produce large-ouan- 
titles of hGH. . . . : - ' 

i 

Adaptatio n of CBMG cells to grow in spinner 
culture. m adapting th.e hGH-producing cell lines to 
growth in spinner culture which facilitates the large- 
scale, production of hGH from these cells, 60 x 10 6 
cells were trypsinized and innoculated into 1 It of "... 
spinner culture medium [minimum essential medium (Eagle) 
with modified Earle's Salts for suspension culture ' 
(G1BC0) with 10% fetal calf serum] .- After two weeks in 
culture, only minimal growth was detected.— These- cells- 
were then subcultured at a density of 10^ cells/ml in 
fresh spinner culture medium. After the second passage, 
. the cells are adapted, for growth \n the spinner medium- - 
with a doubling -time of approximately 40 hr, -Upon 
introduction- in-the su spensiorr -culture the ability of : . 
severaI--..clones.JDf_.CB!.5G "cells td,, P roduce,bGH is"dimin- . -, .. 
ished.- The cells-were plated -from -the- spinner-culture = - 
back. onto plastic tissue culture :dishes„ (Falcon) and 
screened for hGH -expression by RIA of rthe medium.. A 
clone 'designated -CBKG7-4L2 was found to produce - large -:, . 
quantities of hGH despite the alteration of the cell- " 
morphology. -7-. ; 

Const ruction of mouse - ells -containing BPVM5. 
K5G1>--K5G2-- pB?VnTK 6,- . pBPV'MTH 1 . Recombinant .molecules .r. 
constructed as = described . above were introduced into — 
mouse C127 cells by the calcium phosphate coprecipita- - 
tion method - (Graham' and Van cer Eb, 1973)." 50-70%~ ..." 
confluent CI 27 cells were treated with 20 pg of salmon.- , 
sperm DKA containing 0.1-0.5 «,g of recombinant DNA in 1 
ml of eo -precipitate per 60 ,:un tissue culture dish. 24 
hours later the cells were trypsinized and divided into 
three 60 ,r,n tissue culture dishes. Five to ten hours - 
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late/^-he medium vas changed l# 5 ml of medium contain- 
ing 25 Jjg/ml CdCl 2 (selective medium). _ 

The selective medium was replaced every 2-3 
days. Under these conditions, mouse C127 cells are'' 
killed by. cadmium (Figs'. 9 and 10) while transformed 
cells that express. the inserted mouse KT-I gene become 
resistant (Fig. 10). 

• Individual foci of Cd-resistant cells were 
transferred into 24-well tissue culture plates and 
propagated. For the clones transformed with M5G1 , K5G2 
the media of: the propagated foci were assayed by. RIA for 
the presence of hGH. Several clones that are cadmium 
resistant and express the inserted hGH "mini-gene" were 
isolated and named CBM5Gn (n = 1, 2, 3,...)... Such 
clones are resistant to high concentrations of Cd-(up to 
80 pM, Fig. -ll) and secrete large -quantities of hGH as- 
determined "by" radioimmunoassay.-"-:. 

hGH Production •' 



hGH is synthesized in the pituitary as a:: . - 
prehormone containing a hydrophobic, am ^no-terminal 
sequence that-, is removed during . secretion . .Cultured .-. - 
monkey, kidney eel Is - i nf ect ed. vi th SV40-hGH recombinants-- 
are capable .of both processing and secreting 'hGH 
(Pavlakis et .air, , Proc. Natlr Acad. Sci._usA . -78 : 7398-:. ■ . 
7402, -1981)."-to determine if this was also true for the-' 
BPV7-5G transformants, cells were labeled with - 
35 S-cy.steine and the secreted proteins in the media ' : •_• 
were analyzed by "eel electrophoresis.- A protein co- - 
migrating with authentic hGH was observed in the media 
from the SPVHG transformed cells but not from control 
3D13 cells (Fig. 12). Fur ther^ore , w]l( , n ce]ls vtre . 
induced, for 3 he with Cod*i u.n or dc-xa:;.c-thosone, the 
amount of this protein was increased 2 -fold by cadmium 
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but^' - unaffected by dexaroef^'^ne. . Variable ouanti- 
ties of a higher molecular weight band in the trans- 
formed cells were also observed. Parallel • an'aly'sis of 
the labeled intracellular proteins from the same ce'lls 
showed that met allothionein synthesis was induced by 
both cadmium and dexamet'ha.sone. Therefore, the 
endogenous met allothionein genes in the transformed 
cells have retained, their responsiveness to both heavy 
metals and glucocorticoids. From scans of such gels it 
is shown that the transformed cells produce 20-60 fold 
more hGH than MT (MT contains 20 cystein residues, 
whereas hGH contains only 4). - 

The . amount of hGH secreted by the transformed 
mouse cells was ouantitated by radioimmunoassay. Basal 
levels ranged from 0.2 to 2.5 pg/ml and these levels 
were, increased .1.3 to-2. 5-fold by .treatment wi th cadmium 
but not-.by- dexame thasone . The hGH production • level s 
remained constant, or actually, increased- as . the cells---..' 
were- continuously passaged for 10. months.- Measurements- 
of cell number and media hGH for- cells that had been in 
culture for -10 months- shows basal levels of -hGH produc- 
tion ranging ..from :2-6 x 1 0 8 . molecules/cell/day : in 4 
different clones. ■- . 
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The preceding sect ion -indicates that indue-.. ■ 
tion^for an 8-hour" period of cells . with cadmium has - - 
resulted in an increase of 2-fold of the amount of pro-, 
tein in the system; Although ■ cadmium was used in the 
experiments;-- other heavy metals such as zinc, copper and 
mercury may be utilized since it has been shown that- • 
mc-tallothionein genes are inducible by all the above-- • 
noto-d r;et a] s . 



WE CLAl!— ^ .. . 

1- A method for increasing the yield of human 
growth hormone (hGH) consisting essentially of construct- 
ing a metallothionein-human growth hormone (MT-hGH) / 
hybrid' gene, cloning said hybrid gene in a bovine 
papilloma virus (BPV) vector to form a recombinant 
plasmid, removing ^'bacterial DNA sequences to form 
a MT-hGH-BPV recombinant molecule, introducing said 
recombinant molecule into cultured mouse cells, 
isolating and propagating the transformed cells containing 
said recombinant molecule, adding a non-toxic. concen- 
tration of cadmium to the transformed cells, and 
separating and purifying the human growth hormone secreted 
by the transformed cells. 

2. A method of increasing the yield of a non- 
selectable gene product consisting essentially of 
constructing a inetallothionein-non T selectable hybrid 
gene, cloning said hybrid gene in a bovine papilloma 
virus (BPV) vector to form a recombinant plasmid, 
removing the bacterial DNA sequences to form a MT- 
non- selectable gene-BPV recombinant molecule, intro- 
ducing said recombinant molecule into cultured mouse 
cells,, isolating and propagating transformed cells 
containing said recombinant molecule, adding a non- 
toxic concentration of cadmium to the transformed cells, 
and separating and purifying the product of the non- 
selectable gene. 

3. The method of claim 1 in which the 
recombinant plasmid is pBPV.MGG. 



•rne Hieunoa or claim Q ln which the 
recombina( plasmid is pBPVMG7. ( 

5. The method of claim 2 in which the cadmium;., 
addition is replaced by the addition of at least one 
metal selected from the group" consisting of copper 
and mercury. ^ 

.6. A process for the expression of non- 
selectable genes such as human growth hormone consisting" 
essentially of: 

isolating the mouse metallothionein-1 
gene and inserting the gene on a suitable first plasmid, 
pSVMT(E); 

isolating a second gene consisting of 
human growth hormone structural sequences and inserting " 
• said second gene on a recombinant plasmid PSVGH3C2 (L) 
and propagating the plasmid in E. coli H3101; 

cleaving said second gene from pSVGH3C2 
with BamHI, and subcloning said second gene into the 
Bglll site of the mouse MT-I gene in the first plasmid 
to produce a hybrid gene, MT-hGH in the plasmid 
pSVMTGH8; 

cleaving plasmid pSVMTGHS with Hindlll 
in order to recover said hybrid gene; 

inserting said hybrid gene into a suitable 
plasmid-bovine papilloma virus (BPV) vector, pBPV69TD; 

propagating said plasm.id-BPV vector "in 

E. coli HB101; 

removing the plasmid sequences by digestion 
with BamHI and recircu 1 ar i. zi n g the BPV-MT-hGH recombinant 
niolc-culc with DMA ligaso; 



, inserting said BPV-mW;^h recombinant "' : 
molecule in cultured mouse cells suitable for the production 
and secretion of human growth hormone in a tissue 
culture medium. 

/ 

7. The transformed mouse cell line produced 
according to claim 1 and selected from one member of the 
group of cell lines consisting of CBMG6-9 , CBMG7-4L2 . 

8. A process for secreting high levels of 
hGH consisting essentially of inserting a MT gene in a 
suitable plasmid-BPV vector, inserting into the vector 
a hGH gene to form a •recombinant molecule, introducing 
this recombinant molecule into mouse cells, treating 
these cells with toxic concentrations of cadmium, 
isolating the surviving cells, and propagating those cells 
which produce high levels of hGH. 

9. A process for secreting high levels of 

a non-selectable gene product consisting essentially of ■ 
inserting a MT gene in a suitable plasmid-BPV vector, 
inserting into the vector a non-selectable gene to form 
a recombinant molecule, introducing this recombinant 
molecule into mouse cells, treating these cells with toxic 
concentrations of cadmium, isolating the surviving cells, 
and propagating those cells which produce high levels of 
the non-selectable gene product. 

10. A method for secreting high levels of 
non-selectable gone products consisting essentially of: 
constructing a BPV-mt recombinant plasmid 
vector (bovine papilloma vi rus-metallothionein I) ; 
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f inserting a non-sel Mable gene sequence 
into said _>PV-MT vector; 

introducing the BPV-MT-non-selectable -gene, 
vector into mouse cells; 

adding toxic concentrations of cadmium to ' 

the cells ; 

isolating the surviving cells, and 
propagating those cells which produce high levels of 
the non-selectable gene product. 

11. The method in claim 10 in which the 
non-selectable gene is human growth hormone (hGH) 

12. The method in claim 10 in which the 
cadmium addition is replaced by adding toxic concentrations 
of at least one metal- selected from the group consisting 

of copper and mercury. 

13. A plasmid utilized in the process of claim - 
10 comprising one member of the group selected from 

pBPVKTl, pBPVMTS, pBMTKS, pBMTKSl, pBMTHl, pBMTHll. 

y 

14. A substantially pure mouse cell line 
designated CBMG6-9. 

15. A substantially pure mouse cell line 
designated CEMG7-4L2. 

16. A substantially pure mouse cell line 
designated CEM5G5. 

17. A recombinant plasmid pBPVMGG. 

18. A recombinant plasmid p3PVMG7. 
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■ --.1.9. A recombinant plasmzL : 'pBPVMT5. 

20. A recombinant plasmid pBPVMTK6. 

21. A recombinant plasmid pBPVMTHll. > ' 

22. The method in claim 1 in which the transformed 
cells are adapted to grow in spinner culture by serial , ' 
passaging the cells in spinner culture, then isolating .. • 
and propagating the adapted cells which produce high levels 
of hGH. 

23. The method i n d aim 2 in which the 

trans formed cells ^ -r^ ^^^^4-^^ ±. 

exxs are adapted to grow m spinner culture 

by serial passaging the cells in spinner culture, the > ? 

isolating and prpagating the adapted cells which 

Produce high levels of the non-selectable gene product. 
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ABSTRACT The rearranged immunoglobulin heavy (ll) and 
light (k) chain genes cloned from the Sp6 hyhridoma cell line pro- 
ducing immunoglobulin M specific for the hapten 2,4,6-trinitro- 
phcnyl were inserted into the transfer vector pS\ 2-neo and in- 
troduced into various plasmacytoma and hybridoina cell lines. The 
transfer of the it and k genes resulted in the production of pen- 
tameric, haptcn-specific, functional IgM. 

Work over the last decades has provided extensive information 
on immunoglobulin function and structure (1). Despite this in- 
formation, it has been possible only in gross terms to relate mo- 
lecular function with particular structural features. 

With the advent of genetic engineering and gene transfer 
techniques, questions regarding structure-function relation- 
ships can now be readily addressed — that is, virtually any gene 
segment can be modified precisely in vitro and the novel seg- 
ment can then be exchanged with its normal counterpart. Bv 
introducing such engineered genes into the appropriate cells, 
the effects of systematic alterations in protein structure on pro- 
tein function can be assessed. 

Because immunoglobulin production is a specialized func- 
tion ot cells of the B-lymphocyte lineage, it is expected that the 
conditions for proper Ig gene expression will be provided only 
in appropriate immunocompetent cells. For example, to pro- 
duce normal pentameric IgM(/c), a cell must transcribe, pro- 
cess, and translate KXA for the fx and k chains and also provide 
J protein, enzymes for the proper polymerization and glycosv la- 
tum of the Ig chains, as well as a suitable secretory apparatus. 
We have previously described a system for transferring a func- 
tional immunoglobulin k light chain gene into IgM-producing 
hybridoina cells \2). Here we extend this work to show that the# 
transfer of the fx and k chain genes of a defined specificity into i 
various plasmacytoma and hybridoina cell lines results in the j 
production of functional pentameric, hapten-specific IgM(K). J 

MATERIALS AND METHODS 

Cell Lines. X(i3Ag.S was originally derived (3) from the plas- 
macytoma MOPC21 and synthesizes lg(;i(^ of unknown spec- 
ificity. XWAgS.fvVi was deriv ed from X(v'3AgS as a subclone that 
synthesizes neither the heavy (yli nor light (kJ chain (4). Sim- 
ilarly, Sp2/OAgI4 is an Ig nonprodiieing subclone of the Sp2 
hybridoina \r>\ Spfi is a hybridoina making IgM' k specific for 
the hapten 2,4,fi-triiiitropherivl /INT originallv this cell line 
produced the yl and k chains of Xo >AgS as well as the (TNT 
specific' jU| NI > and k tm . c hains \l)>. A subclone oi Sp«> not niak- 
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ing the yl chain was isolated, and the Sp602 and Sp603 cell 
lines were derived from this yl nonproducer. The mutant cell 
line ignvlO, derived from SpG02 (7), lacks the gene encoding 
Mtnp (8). 

Gene Transfer. The construction of pSV2-neo plasmid vec- 
tors earning the genes for ^tnp or k tnp or both is described 
in the text. The vectors were transfected into the r k ~m k ~ Esch- 
erichia colt strain K803. To transfer the vector, bacteria bearing 
the appropriate plasmids were converted to protoplasts and fused 
to the indicated cell lines as described (2). The frequency of 
G418-resistant transformants per input cell was approximately 
10 -4 for X63Ag8 and Sp2/0Agl4, 1(T 5 for igm-10, and 10" 6 for 
X63Ag8.653. 

Analysis of Ig. As described previously (7), Ig was biosyn- 
thetically labeled, in the presence or absence of tunicamycin( 
immunoprecipitated, and analyzed by XaDodS0 4 /polyacrVl- 
amide gel electrophoresis with or without disulfide bond re- 
duction. TXP binding IgM was assayed by TXP-dependent 
hemagglutination and by TXP-dependent enzyme-linked im- 
munoadsorbent assay (ELLSA) as described (2, 7). The hemo- 
lyses of protein A-coupled erythrocytes and TXP-coup!ed 
erythrocytes were used to assay total IgM- and TXP-specific 
complement activating IgM, respectively (7). 

Analysis of RXA and DXA. Cytoplasmic KXA was isolated 
according to Schibler et <d. (9) and* subjected to HXA blot anal- 
ysis as described by Thomas. (10). 

Procedures for DXA extraction (11), nitrocellulose blotting 
(12), and radiolabeling of probes (13) have been described (14, 
15). Probes specific for genes encoding immunoglobulin con- 
stant and variable regions are detailed in the figure legends. 



RESULTS 

Description of Vectors and Expression Systems. The hy- 
bridoina cell line Spfi secretes IgM(K) specific for the hapten 
TXP. We have previously described the cloning of the TXP- 
specific k gene, designated TkI (16), and the construction of 
the recombinant, pK-Tfd, where TkI is inserted in the lhun\\\ 
site of the vector pSV2-neo (2, 17). The /! 1M . gene was cloned 
in ACh4A from EcoM partially digested DXA of Spb cells, and 
this clone is designated Sp(i-71S. The lb-kilobase-pair ikbp) 
fragment carrying the variable and constant regions was ob- 
tained from Spfi-7IS after partial digestion with /VoKl and was 
inserted at the EcoHl site of the vectors pS\ 2-neo and |>K-TkI. 
In these recombinants, designated pH-Sph and pR-HL TNr . re- 

■\hbre\iatioiiv TXT. 2. \ 'Mrinitmpheml: I'.I.ISV eii/\ ine-linked im- 
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spectively. the /i-im« gene lies in tin* s.tme orientation as the 
ff-iM' gene in pH-Tk! — i.e., tin* direction of transcription oi" /Xtnt 
i< opposite that of the simian virus 40 <S\"40) early promoter 
(Fig. 1). 

The mutant cell lines igk-14 and it^ni - J <) that lack the K iS v 
gene and fi \ sv U^ne, respectively, were originally isolated from 
subclones of Spf> (7). \\*e have previously used igk-14 as a re- 
cipient cell line to assay expression of the k isi > gene (2). 
Expression of the /i TN |> gene of pR-Sp6 was assayed here in 
igm-10. The simultaneous production of both Mini* and Ktnt 
chains from the vector pH-H L-tnp is assayed in \63AgS, the IgG 1- 
prodncing plasmacytoma parent of the Sp6 hybridoma. In later 
experiments the pR-HL TNI » vector was assayed in the non- 
producing cell lines Sp2/0Agl4 and X63AgS.G53. IgM pro- 
duction by the transformants is compared with Sp603, a sub- 
clone of the Sp6 hybridoma. 

Selection of Ig.\f(ft)-Positivc Transformants. The recombi- 
nant plasmid vectors bearing the Ig genes also contain the bac- 
terial gene nco y which renders the recipient cells resistant to 
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the antibiotic (MIS (17). To transfer the Ig genes into tin* h\ - 
bridoma and plasmacytoma cells, bacteria harboring the re- 
combinant plasmids were converted to protoplasts and fused 
with the various cell lines and (M lS-resistant cells were se- 
lected. Depending on the cell line, the efficiency of CM IS- re- 
sistant colonies ranged between 10 _l and 10 per input hv- 
bridoma or plasmacytoma cell (see Materials and Methods). The 
culture supernatant of (MIS-resistant colonies was tested for 
TNP-specific IgM by using either a TNP-specific ELISA or bv 
assaying agglutination of TNP-eoupled erythrocytes. In various 
experiments between 13% and 75% of the colonies were pos- 
itive in such tests. 

Analysis of ^ TNP and k tnp Production. Colonies that were 
positive for TNP-specific IgM were cloned by limiting dilution 
and examined further. The transformant IH44L1, derived from 
the K TNr positive cell line igm-10 and the /i TNT vector pH-Sp6, 
makes about 25% of the normal (Sp603) amount of IgM, as 
measured by the TNP-dependent ELISA. The transformant 
XR19L4. derived from the cell line X63Ag8 and the a*tni» + 
K n ^ P vector pK-H Lysis makes alxnit 10% of the normal amount 
of IgM. 

To examine the /z^p and kjsv separately, these chains were 
radiolabeled and analyzed by NaDodS0 4 /polyacrykimidc gel 
electrophoresis (Fig. 2). The SpG03 hybridoma evil line still makes 
the k chain of its plasmacytoma parent, XfxSAgS (Fig. 2, lane 
a), as well as the specific /x TNP and k tnp chains (Fig. 2. lane 
e). The XR19I>4 transformant derived from X63AgS has two ad- 
ditional bands (Fig. 2, lane b), which comigrate with the /i TNP 
and Kjy V of Sp603. The igm-10 cells used here make k tsv but 
have ceased to produce the k of X63Ag3 (Fig. 2, iane c), pre- 
sumably because of a rearrangement in this k gene (see legend 
to Fig. 5). The IR44LI transformant derived from igm-10 has 
one new band that comigrates with /i^p (Fig. 2, lane d). As 
shown in Fig. 3, analysis of unreduced IgM by NaDodS0 4 / 
polyacrylamidc gel electrophoresis indicates that the trans- 
formants make predominantly pentamerie IgM [(^2*2)5]. 

RNA Production. To examine the RNAs expressed bv the 
transferred fi TNP and k tsv genes, cytoplasmic RNA from the 
transformants was fractionated by gel electrophoresis and probed 
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Fig. 1. Structure of the pR-Sp6 and pR-HL TNP plasmids. pR-Sp6 
contains the functionally rearranged fi TNP gene 16 kbpi. which was 
inserted into the EcoRI site of pSV2-neo (see text). In addition to the 
Mtnp gene, pRHL TNP contains the functionally rearranged k tsv gene 
(9.6 kbp) at the BarnXW site (21. Ig genes are represented by heavy dark 
lines. The directions of transcription of the Ig genes and the SV40 early 
region are indicated by arrows. The ^ and k exuns are shown as filled 
boxes. M denotes alternative COOH-terminal coding regions that are 
utilized in the synthesis of membrane IgM. Thin lines are of pBR322 
origin. The white boxes denote DNA derived from SV40. into which the 
bacterial gene conferring neomycin resistance thatched boxi has been 
inserted. For specific details concerning the pSV2-neu transfer vert or 
'donated by P. Berg*, see ief. 17. 
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Fu;. 2. Analysis of heavy and light chains of secreted Ig. G418- 
resistant transformant clones were biosynthetically radiolabeled with 
1 14 C Ueucine as described i7). Secreted immunoglobulins were immu- 
nopreci pita ted with rabbit anti-mouse IgM antibody complexed with 
protein A-Sepharose CU4B beads t Pharmacia*. The precipitated ma- 
terial was reduced with 2-mercaptoethanoI and analyzed by electro- 
phoresis on a NaI)odS0 4 /polyacrvlamide gel. Lane a, Xb.'IAgH: lane b. 
XK1!»W: lane c, igm-10; lane d. IR44IJ; and lane e, wild-typo hybn 
dimia Spti03 
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FlG. 3. Analysis of secreted (unreduced) Ig. The radiolabeled cul- 
ture supernatants as described in the legend to Fig. 2 were analyzed by 
electrophoresis on a NaDodS0 4 /polyacrvlamide gel without reducing 
the disulfide bonds (7). Lane a, X63Ag8; lane b, XR19L4; lane c, igm- 
10; lane d, IR44L1; and lane e, wild-type hybridoma Sp603. The mark- 
ers indicate the major forms of Sp603 IgM and X63Ag8 IgGl. 

with various ji- and K-specific DNA sequences (Fig. 4). R\A 
for the M lu-avy chain was detected with a probe from the C M 4 
region. The transformants XR 191,4 and IH44L1 have hands at 
both 2.7 and 2.4 kilobases (kb), whereas the parental hybridoma 
Sp6U3 has only one band at 2.4 kb ( Fig. 4A). A genomic probe 
containing the fi membrane-specific exon hybridized onlv to 
the 2.7-kb band (data not shown). KNAs of 2.7 and 2.4 kb have 
l)een found to encode the mem!)rane {fij and secreted fonns 
of the /x chain, respectively (19-21 ). These results suggest that, 
whereas Spb<>3 makes RNA only for the Ms form, the trans- 
formants make RNAs for both /t MI and ^. However, we have 
been unable to detect membrane IgM by staining with flu- 
orescent ji-specific antibodies. The /x m form has a longer poly- 
peptide chain than does the /i s form and consequently can be 
distinguished from /x s by its lower mobility in NaDodS0 4 / 
polyacrylamide gel electrophoresis. Therefore, we examined 
intracellular fx chains that were biosynthetically radiolal)eled in 
the presence of tunicamycin; for each transformant we found 
only one /t band, and this band comigrated with the fi band of 
Spfi (results not shown). These observations suggest that either 
the 2.7-k!> HNA is not translated or that the /jl iu protein is verv 
short-lived in the transformants. 

In a similar manner, the HNA blots were hxhridized with a 
probe derived from the k, nt V region. Compared to Spb03 and 
igm-lU. the transformant XH19L4 was found to make a low 
amount of a 1.2-kb HNA that comiuratcd with authentic k tn ",. 
HNA (Fig. 4«). 

Structure of Transferred DNA. To analyze the organization 
oi the transferred pH-Spb ami pR-IIL IM , plasmids iit the trans- 
formed cell lines, lhtm\ I I-digested cell DNA was hybridi/ed 
with probes specific for ihe /i- and K-chain constant region gene 
segments. The CJ-2 probe used here spans the IlttmHl re- 
slnetion site in tin- C M 2 e\on i Fig. I'. Therefore, a minimum 
"I two fragments expected t»> be delected with this probe. 
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Fig. 4. Detection of ^ TNP and Kjsp gene sequences in cytoplasmic 
RNA from transformed cell lines. Lanes a, X63Ag8; lanes b, XR19L4; 
lanes c, igm-10; lanes d, IR44L1; and lanes e, Sp603. Ten micrograms 
of total cytoplasmic RNA (9) was denatured with glyoxal, electropho- 
resed through a horizontal 17< agarose gel in 10 mM sodium phosphate 
buffer at pH 6.9, and transferred to nitrocellulose as described by Thomas 
(10). (A) The blot was hybridized with a 32 P-labeled probe correspond- 
ing^ the C M 4 exon. This probe was isolated from the cDNA clone 
pH76^17 (donated by J. Adams) after digestion with Pst I (18). (B) A 
similar blot was hybridized with a 32 P-labeled probe containing k tnp 
V-region coding sequences ( 16). Sizes were estimated by comparison to 
mouse ribosomal 28S and 18S RNA (4.7 and 2.0 kb, respectively). 

Two fragments of b.O an d 16 kbp were detected in the D\A 
of both of the transformants. These correspond to the frag- 
ments generated by Bamlll digestion of the intact pK-Spfi and 
plt-!!L, N1 > plasmids {Fig. 5). In addition, one (XIU9U) or two 
lIIMIU) extra fragments could be detected in the DNA from 
these cell lines. In parallel experiments, sequences indicative 
oi unintegrated pK-T/cl plasmids have not been detected in the 
low molecular weight fraction of the Hht supernatants (25) of 
similarly transformed iuk-14 cells (results not shown). Taken 
touether. these results suggest that the transferred genes are 
tandriuK integrated into the chromosomal DNA of the recip- 
ient cells. 
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Fig. 5. Detection of pR-Sp6 and pR-HL TNP sequences in DNA from 
transformed cell lines. Lanes a, X63Ag8; lanes b, XR19L4; lanes c. igm- 
10; lanes d, IR44L1, lanes e, Sp603; and lanes f. igm-10 with 5 equiv- 
alents of pR-Sp6. Bam Hi-digested DNA samples (20 ) were electro- 
phoresed through a 17r agarose gel at 2 V-cm - 1 for 40 hr and transferred 
to nitrocellulose. iA) A previously hybridized blot (see fi) was washed 
according to Thorns (10) and rehybridized to a 3:! P-labe1ed probe con- 
taining the C p l and C M 2 exons. This probe was prepared by isolation of 
an appropriate fragment from a Xba I///i>idIII digestion of a genomic 
clone of the /x-chain constant region gene segment! The bands corre- 
sponding to the ji-chain gene-containing fragments generated by DamHl 
digestion of pR-Sp6 and pR-HL T Ni» are indicated. The two bands ob- 
served in lane e (11 and 14 kbp) correspond to the functionally rear- 
ranged htnp gene in the wild-type Sp603 cell line. *B\ The same blot 
was hybridized with a v "P-labeled probe containing the *-constant re- 
gion gene segment that was isolated from the plasm id pL2 1-5 1 donated 
by R. Wall) (22). The bands at 9.6 kb correspond to the * TNr gene 1 16). 
The bands at 6.9, 5.9. and 5.4 kbp correspond to rearranged k chain genes 
present in the DNA of the X63Ag8cell line«23. 24). two of which io.9 
and 5.4 kbp) were retained in the generation of the original Sp6 hy- 
bridoma. The 5.4-kbp band corresponds to the functionally rearranged 
X03Ag8 k gene and this band is not observed in the case of igm- 10 1 lane 
ci. Sizes were estimated by comparison to ////idlll-digested A phage DNA. 

I In* pattern obtained forXHPJLI upon h\ In uli/atinu <>f the 
same blot w ith the ( \ probe is consistent with the above inter- 
pretation. 1)\A from this trausformaut eontains a W.li-kbp irag- 
ii. • nt correspond nig to the uild-t\ pi- K !Nr gene . Hi 1 in addition 
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Sp603 


IgM, k(TNI'i 


2 4 


2« 
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+ k(X63» 








igm-10 


k(TNP) 








IR44L1 




2.1 


2 5 
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X63Ap8 


IfiGl.K 


<1 


< 1 




XR19L4 




2 3 


<1 


<1:8 


opJ/UAgl4 


No Ig 


<1 


<1 




SR1.2 




2 4 


2 6 
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SR40.1 




2 


2 2 


2 


X63Ag8.653 


No Ig 


<1 


<1 




X653R1.1 




2 4 


2 6 


4 



Asdescribedinthetext.thetransformantsIR44Ll andXRl9U were 
derived by introducing the ^tnp gt?ne alone or the MTNpand k tnp genes 
together into the igm- 10 and X63Ag8 cell lines. Similarly, the cell lines 
SR1.2.SR40.1. and X653R1.1 were generated by transferring the 
- k tnt vector pR-HL,- N ,. into Sp2/0Agl4 and X63Ag8.653. The indi- 
cated cell lines were grown to approximately 10 ti cells per ml, and cul- 
ture supernatants were assayed for IgM concentration (lysis titer on 
protein A-coupled erythrocytes > and TNP-specific hemolysis activity . 
i lysis titer on TNP-coupled erythrocytes). Culture supernatants were 
diluted serially 1 :2 to obtain the end-point dilution \ titer* that still caused 
lysis. The ratio of the TNP and the protein A titer is a measure of the 
specific activity of the secreted IgM. 

to other fragments that correspond to the k chain Irenes en- 
dogenous to the recipient XfvlAgS cell line (23, 24). 

Assay of IgM Function. We have tested the normal func- 
tioning of the IgM produced by the transformants by assaying 
its action in complement-dependent lysis of TNP-coupled 
erythrocytes (Table 1). The IgM concentration in the culture 
supernatants of the indicated cell lines was measured by the 
hemolysis of protein A-coupled erythrocytes in the presence of 
anti-IgMjJ). These results indicate that IgM made by 1K44L1 
has normal activity with regard to TNP binding and comple- 
ment activation. However, the transformant XR WIA makes IgM 
that has an activity that is less than J /30th of the normal activity 
in the T\ Independent hemolysis assay. .\6\3AgS still produces 
the myeloma k chain, and this k chain can be incorporated into 
IgM, thus reducing TNP-specific hemolysis activity (7). To avoid 
this problem of the nonspecific myeloma K chain, the Mt\i> + 
Kysv vector plMIL TN |> was transferred into the nonproducer 
cell lines Sp2/OAgl4 (51 and X63AgS.653 (4). The IgM pro- 
duced by transformants of these cell lines lias normal activity 
for TNP-specific hemolysis (Table 1). 

DISCISSION 

We and others have previously reported the expression of Ig 
light chain genes in various cell types (2. 26-29). In this paper 
we have described the construction of plasmids that bear genes 
lor TNP-specific immunoglobulin fi and k chains. The expres- 
sion ol these genes was studied after the transfer of the plas- 
mids into various cell lines derived from Ig-seereting plasma- 
cytomas or h\ hridomav The transfer of these plasmids into these 
cells is usually ;sce below sufficient to cause the production of 
pentameric Ig\|i*» that binds antigen iTNP'i and activates com- 
plement—that is, these eel! lines .Xfi'UgS, XWAg-S. f>~>:>, igm* 
10. and Sp2/0 \gl l prox ide all ol the mat hinerx neeessan for 
IgM production e\eept the stnutur.il genes for the /jl and k 
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t liaius I lie c.ipucitx to pmvule thi*> iimlihn i\ is pirstnt de- 
spite tlit* lart that tin -si' cell lint s haw- Ihm-h propagated lor ve.^s 
wit limit mcrt selection I»m this property. 

We expect that this system *\ ill he wry usi'lul in dcternunmt; 
the structural requirements lor normal I^M production and 
function. To datt*. the use ol genetics lor this purpose has been 
limited to the analysis of naturally occurring mutants that in- 
terfere with normal processing and activity (7. 30). Al- 
though such mutants are nselul as a starting point, in vitro imi- 
taut nesis oilers a more rapid and systematic method ol obtaining 
altered InM. Thus, it should he possible to identify the amino 
acids that are critical lor complement activation or Fc receptor 
binding- Similarly, one can expect to define the features that 
are necessary for pentamer formation, glycos\ lation, and se- 
cretion. 

As is the case with other gene transfer systems, we have found 
that the various transformants produce quite different amounts 
of fi and k chain, ranging from undetectable to approximately 
normal levels. In general, a linear relationship does not exist 
between the copy number of the transferred sequences and the 
level of lg gene expression. Studies with transfer vectors pre- 
sumed to be replication incompetent indicate that the trans- 
ferred sequences integrate into different sites in the host chro- 
mosomes, independent of the method of transfer (31-33). 
Therefore, the context of the transferred genes is different from 
normal and different in each recipient. It is not known whether 
it is the different chromosomal locales that are responsible for 
the variation in the expression of the transferred genes or whether 
these results reflect a high frequency of mutation associated 
with the introduction of exogenous DNA into mammalian cells 
(34, 35). 

The transformants XH19L4 and IR44L1 produce, in addition 
to a 2.4-kb H\A that comigrates with authentic /x s RNA, a 2.7- 
kb HNA that appears to include the i± m exon. As we have been 
unable to detect a fi in protein, it is possible that the 2.7-kb HNA 
is aberrant in some respect (36-39). In contrast to the heavy 
chain gene results, the transferred k chain genes in XR19L4 
and in several transformants derived from igk-14 and the k T \|. 
vector pR-Tfc! iref. 2; unpublished data) produce a single spe- 
cies of HNA that comigrates with authentic Ktni' UNA. 

We expect that the variations in the expression of the trans- 
ferred genes will not interfere with the usefulness of this sys- 
tem in producing altered IgM for functional analysis. Further- 
more, we anticipate that imxlificutions of this protocol will allow 
investigation of the mechanisms controlling Ig gene expression. 

Note Added in Proof. Gillies et ai (40) and Neubcrger (41) have re- 
cently reported the expression of cloned heavy chain Irenes in trans- 
formed lymphoid cells. 
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Indeed, if two and a half decades of AI 
.^research has done nothing else, it has 
given researchers a sense of awe in the 
face of the ordinary. Computers seem to 
have an easy enough time imitating "ad- 
vanced' ' human intelligence— systems 
for playing chess and proving mathemat- 
ical theorems were among the first AI 
programs ever written— but they have a 
terrible time recognizing a human face or 
understanding a nursery rhyme. The ro- 
bot has not been built that can walk 
across a hillside. "We shouldn't be so 
intimidated by our Beethovens and our 
Einsteins," says AI pioneer Marvin 
Minsky of the Massachusetts Institute of 
Technology. "We're simply so accus- 
tomed to the marvels of everyday 
thought that we never wonder about it." 

In part, the mastery of these everyday 
miracles may just involve the prosaic 
matter of computing speed, especially in 
such fields as vision and natural language 
understanding. A neuron is very slow 
compared to a microchip, but the brain 
makes millions or billions of neuronal 
calculations simultaneously and in paral- 
lel; our current generation of serial, one- 
step-at-a-time computers are hopelessly 
outclassed. Some of the most intriguing 
AI research involves the efforts .by many 
groups to build machines that can do this 
kind of parallel processing on a suitably 
massive scale — and to figure out how to 
program these machines sensibly once 
they are built. 

But many AI researchers, Schank and 
Minsky among them, think that funda- 
mentally new approaches are needed. 
Whatever is going on within our skulls 
when we learn something or when we 
figure something out, whatever is in- 
volved in recognition and memory, it is 
not a series of neuronal IF-THEN state- 
ments. "The thing is, AI is very hard," 
says Schank. "What is the nature of 
knowledge? How do you abstract from 
existing knowledge to more general 
rules? How do you modify the knowl- 
edge when you fail? Are there principles 
of problem-solving that are independent 
of domain? How do goals and plans 
relate to understanding?" 

"The computer is a way of testing our 
ideas," he points out. "But first, we 
need to understand what we're supposed 
to be building models of." 

— M. Mitchell Waldrop 

This is the first in a series of articles on 
artificial intelligence research. Subse- 
quent articles will deal with such major 
areas of application as expert systems, 
machine learning, natural language un- 
derstanding, and computer vision. 
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Fertility Hormones Cloned 

A group of researchers at Integrated Genetics, a biotechnology firm in 
Framingham, Massachusetts, has succeeded using recombinant DNA tech- 
nology to produce two human fertility hormones, human chorionr; gonado- 
tropin (hCG) and human luteinizing hormone (hLH). This is one of the first 
reports of investigators using recombinant DNA technology to produce 
molecules that are a combination of proteins and carbohydrates in rnamma- 
lian cells, according to molecular biologist Leroy Hood of the California 
Institute of Technology. For that reason, says Hood, "I think it's interest- 
ing" . . , 

The two fertility hormones have similar structures, each consisting of two 

polypeptide chains that are put together inside cells and "processed." A 
section at one end of each chain is a marker that guides the chain to the 
cell's secretory apparatus and is cleaved once the chain gets there. Before 
the hormones are secreted from the cell, sugar molecules are added to them. 
The hormone hCG, for example, is 30 percent sugar by mass. If sugars are 
not added to these hormones, the hormones are biologically inactive. 

Bacteria, which molecular biolo gists usually use as protein factories, 
can not carry out this t ype of processing. Although they can express added 
mammalian genes, they do not add sugars to the molecules and they do not 
excrete Hhem. Thus molecular biologists believe that the only way to 
produce molecules as complex as the fertility horm ones is to make them in 
m ammaHanx ells, using standard methods of genetic engineering. David 
Ho^smanTT founder of Integrated Genetics and a faculty member at 
Massachusetts Institute of Technology, used mouse cells to make hCG and 
hLH, infecting them with a bovine papilloma virus, which inserts itself in 
the chromosomes of the cells. To the virus, he and his associates added the 
fertility hormone genes and a mouse metallothionein gene containing 
control regions that promote gene transcription. These are well-known 
methods, although, says Housman, to actually make the methods work was 
a "nontrivial achievement." 

The major problem with this method is that the engineered DNA is 
unstable— the genes tend to rearrange themselves. If this happens, the 
hormone genes may not be expressed. "We had to be very careful and very 
persistent to avoid rearrangements," Housman says. "We had to be sure 
we picked clones that were stable." 

Judith Vaitukaitis, an endocrinologist and fertility specialist at Boston 
City Hospital, has tested the biological activity of the fertility hormones 
produced by the Integrated Genetics group. "They're quite good," she 
says. She thinks that these hormones will be clinically useful in the 
treatment of infertility because they can induce both ovulation and sperm 
production. Although hCG and hLH are now available for infertility 
treatment, the hormones are extracted from pituitaries, urine, or placentas 
and s o are not completel y pure. Vaitukaitis estimates that there is between 1 
and 5 percent cross-contamination with other hormones, which can compli- 
cate treatment and clinical research. 

The pure fertility hormones also should be of interest to basic research. 
Robert Canfield of Columbia University's College of Physicians and Sur- 
geons says that, to his mind, one of the more interesting prospects will be to 
modify the genes at the sites where the sugars attach in order to study how 
the sugars relate to structure and function. Irving Boimer of Washington 
University in St. Louis says that he and others would also like to use the 
cloned hCG to determine the three-dimensional structure of the molecule. 
"You can't look at the three-dimensional structure of hCG now because 
there's not enough of it around," he says. Since the fertility hormones are 
typical of other glycosylated polypeptide hormones, researchers hope that 
by learning about them they will learn about other such hormones. 

In any event, the Integrated Genetics group has shown the feasibility of 
cloning conjugated molecules in mammalian cells. "It is certainly one very 
smart approach— no question about it," says John Pierce of the University 
of California at Los Angeles. "I think it's the way to go."— Gina Kolata 
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